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CONVERSION FACTORS, VERTICAL DATUM, AND
ABBREVIATED WATER-QUALITY UNITS

Conversion Factors

Multiply By To obtain
acre 4,047 square meter
acre-foot (acre-ft) 1,233 cubic meter
acre-foot per year (acre-f/yr) 0.001233 cubic hectometer per year
cubic foot per second (fs) 0.02832 cubic meter per second
foot (ft) 0.3048 meter
inch (in.) 2.540 centimeter
mile (mi) 1.609 kilometer
square foot (ﬁz) 0.09290 square meter
square mile (mi%) 2.590 square kilometer
ton, short 0.9072 metric ton
ton per day (ton/d) 0.9072 metric ton per day

For temperature, degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) by using the
formula °F = [1.8(°C)]+32. Degrees Fahrenheit can be converted to degrees Celsius by using the formula
°C = 0.556(°F-32).

Sea Level

In this report, "sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929,
formerly called "Sea-Level Datum of 1929"), which is derived from a general adjustment of the first-order
leveling networks of both the United States and Canada.

Abbreviated Water-Quality Units Used in This Report

pg/L (microgram per liter) mg/L (milligram per liter)

um (micrometer) mm (millimeter)

uS/cm (microsiemen per centimeter mmol/L (millimole per liter)
at 25°C) mol/L (mole per liter)

mg/kg (milligram per kilogram) mV (millivolt)

-vii-



DETAILED STUDY OF IRRIGATION DRAINAGE
IN AND NEAR WILDLIFE MANAGEMENT AREAS,
WEST-CENTRAL NEVADA, 1987-90

Part A. Water Quality, Sediment Composition,
and Hydrogeochemical Processes in Stillwater
and Fernley Wildlife Management Areas

By Michael S. Lico

ABSTRACT

A water-quality reconnaissance study during 1986-87 found high concentrations of several potentially
toxic elements in water, bottom sediment, and biota in and near Stillwater Wildlife Management Area
(WMA). This study prompted the U.S. Department of the Interior to initiate a more detailed study to
determine the geochemical and physical processes that control water quality in the Stillwater WMA. The
Lead Lake area in Stillwater WMA was studied in detail to determine these processes. Water samples were
collected from agricultural drains and canals that carry a mixture of irrigation-return flow and ground-water
seepage. The hydrologic characteristics of both the surface and shallow ground water in Stillwater WMA
are complex; the water quality of Fernley WMA also was studied because of the area’s relatively simple
hydrology. The understanding of hydrogeochemical processes in the Fernley WMA were then applied to
a definition of the processes active at Stillwater WMA.

Water in Stillwater WMA is of poor quality and, during the recent drought conditions from 1986 10
1990, is substantially reduced in quantity. Constituents of concern that exceeded Federal or State criteria
for the protection of aquatic life in surface water are arsenic, boron, and mercury. Dissolved solids and
un-ionized ammonia also are present at concentrations that exceed criteria for the protection of aquatic life.
Ground water is an important contributor of water to the drains and o Lead Lake, and is the major
component of base flow in some of the drains. The quality of the ground water in Stillwater WMA also
is poor; nearly all samples excecded Federal or State criteria for arsenic, boron, sodium, and dissolved
solids. Uranium concentrations generally arc high and exceeded proposed U.S. Environmental Protection
Agency criteria for drinking water in many samples. In Fernley WMA, drain water commonly exceeded
criteria for arsenic and boron. Water samples from lakes in Fernley WMA commonly exceeded criteria for
arsenic, boron, sodium, dissolved solids, and un-ionized ammonia.

Sediment in the drains and lakes of Stillwater and Fernley WMA's is accumulating trace elements
from the overlying water column. The trace elements are either incorporated into or adsorbed onto labile
coatings on grain surfaces or adsorbed onto clay minerals in the sediment. Arsenic, boron, mercury, lithium,
molybdenum, selenium, and uranium are enriched in drain- and lake-bottom scdiments as compared with
soil samples from the Carson River basin.

Processes controlling the composition of ground water at Stillwater and Fernley WMA's include
evapotranspiration; dissolution of sedimentary organic matter, calcite, silicates, and possibly iron and
manganese oxides; and precipitation of montmorillonite, calcite, and gypsum. Trace-element concentrations
are controlled by localized redox conditions in the sediment, evapotranspiration, and interaction with organic
matter and surface coatings of iron and manganese oxides on mineral grains.

-1-



Surface-water composition is controlled by the inflowing ground water, evapotranspiration, interaction
with highly reducing bottom sediment, and precipitation of calcite. Precipitation of iron (oxy) hydroxide
removes iron, and probably many trace elements, from the water in South Pond at Fernley Wildlife
Management Area.

Stillwater Point Diversion Drain, Stillwater Slough, and TJ Drain contribute the largest part of the
dissolved-solids load to Stillwater WMA (41, 23, and 19 percent, respectively, during 1988-89). TJ Drain
also delivers the largest load of dissolved solids, boron, and sodium to Lead Lake.

INTRODUCTION

In the last several years, concern has been increasing about the quality of irrigation drainage, and its
potential adverse effects on human health, fish, and wildlife. Recent studies at several National Wildlife
Refuges and Wildlife Management Areas (WMA's) throughout the western United States have shown
elevated concentrations of selenium and other trace elements that are a potential threat to the biota within
the management arcas (Knapton and others, 1988; Peterson and others, 1988; Radtke and others, 1988;
Stephens and others, 1988; Wells and others, 1988; and Hoffman and others, 1990). In 1988, the U.S.
Department of the Interior directed the Geological Survey, Fish and Wildlife Service, Bureau of
Reclamation, and the Burcau of Indian Affairs to implement detailed studies that would provide the
necessary information for mitigating the negative impacts of the irrigation-drainage water. The detailed
studies were 1o provide information on the toxic constituents, their effects on biota, and a summary of
significant findings.

The Stillwater WMA in west-central Nevada is one of several sites in the western United States
selected for detailed examination of the mobilization, transport, and the biologic pathways of potentially
toxic constituents found in the biota.

Lead Lake within the Stillwater WMA was chosen as a primary site for this study because of
anomalously high numbers of bird and fish deaths in the past several years. Elements are present at
potentially toxic concentrations in the water, bottom sediment, and biologic samples from Lead Lake,
according to Hoffman and others (1990).

The nearby Fernley WMA was included as part of the current study because it has many similarities
to the Stillwater WMA, such as climate, geologic history, depositional environments, and sediment sources,
but is much less complex hydrologically. High concentrations of potentially toxic trace constituents also
were present in water and biota in the Fernley WMA (Hoffman and others, 1990).

Purpose and Scope

The purpose of this report is to describe the occurrence, distribution, and processes responsible for
mobilization and transport of potentially toxic constituents to Lead Lake in the Stillwater WMA, and to the
wetlands in the Fernley WMA.

This report includes physical and chemical data from 15 surface-water and 25 ground-water sites in
and near the Stillwater and Fernley WMA'’s. In addition, information on soil, Pleistocene lake sediment,
and lake and drain bottom sediment are included. Data for this study were collected during 1987-89.



Description of Study Area

The Stillwater WMA is in the Carson Desert hydrographic arca (Rush, 1968, pl. 1) in the western
Great Basin, approximately 60 mi east of Reno in western Nevada (fig. 1). The Carson Desert, about
2,000 mi? in area, is a broad, alluvial basin surrounded by mountains that rise from the valley floor to
altitudes as high as 8,790 ft above sca level in the Stillwater Range to the east. The valley floor (altitudes
near 4,000 ft) is mostly flat and the northern part is a playa, the Carson Sink, which is approximately
400 mi? in areal extent. The Carson Sink is the terminus for the Carson River and, in extrcmely wet years,
for the Humboidt River.

Stillwater WMA was established in 1948 by cooperative agreement with the U.S. Fish and Wildlife
Service, the Nevada Department of Wildlife, and the Truckee-Carson Irrigation District. The agreement
called for approximately 224,000 acres of the Newlands Projcct area to be developed and managed as
Stillwater WMA, with about 24,000 acres of that area to be reserved as the Stillwater National Wildlife
Refuge for administration as a nonhunting sanctuary. In July 1990, the Refuge boundaries were extended
to include almost half of the Wildlife Management Area (fig. 2). Some privately owned land, including the
Canvasback Gun Club, is within the Refuge area, on the western edge.

The Fernley WMA (fig. 1) is about 30 mi east of Reno and 30 mi west of Stillwater WMA, within
the Fernley hydrographic area (Rush, 1968, pl. 1) which includes the town of Fernley, wetlands, and a
playa--the Fernley Sink. The sink is an ephcmeral lake and is the terminus for southwestward drainage
from the Bradys Hot Springs and Fireball Valley arcas as well as drainage from the Fernley area to the
south (Van Denburgh and Arteaga, 1985). The area is relatively flat and is bounded on the south by the
Virginia Range, on the west by the Truckec Range, and on the east by the Hot Springs Mountains.
Altitudes range from near 4,000 ft on the valley floor to more than 7,100 ft in the Truckee Range.

The study area has cold winters and hot summers and is classified as a midlatitude desert. Average
temperatures during the period 1941-1970 ranged from a minimum of 17.4°F in January to a high of 92.5°F
in July for the Fallon area and 19.7°F and 94.6°F, respectively, for the Ferley area (Dollarhide, 1975, p. 3).
Annual precipitation for the same period averaged 5.2 in. for Fallon and 54 in. for the Fernley area.
Reported values for annual evapotranspiration in the Fallon-Stillwater area range from 36 in. (Pennington,
1980, p. 58-61) to about 60 in. (U.S. Bureau of Reclamation, 1987a, p. 2-24). Morgan (1982, p. 33-37)
reported the average annual evapotranspiration from lakes and wetlands in the Stillwater area as about 54 in.
Annual evapotranspiration rates for alfalfa croplands in the Fernley area have been reported to be between
38 and 54 in. (Pennington, 1980, p. 54-57).

Acknowledgments

The author gratefully acknowledges the assistance of the following individuals in the data-collection
activities at Stillwater and Fernley Wildlife Management Areas: Ronald M. Anglin, Timothy D. Bowman,
and C. Anne "Myke" Janik of the U.S. Fish and Wildlife Service; David L. Berger, Robert E. Bostic,
Jennifer L. Hughes, Timothy G. Rowe, and Thomas B. Tucker of the U.S. Geological Survey; George
Nelson of Fernley for permission to sample his well; and Allen Galloway of Fernlcy who graciously allowed
sampling wells to be drilled on his property.

Previous Studies
Stillwater Wildlife Management Area

A previous waler-quality investigation of the Stillwater WMA is described by Hoffman and others
(1990). Studies of the surface-water quality within the Carson Desert are described in reports by Rollins
(1965), Van Denburgh (1973), Glancy and Katzer (1975), Cooper and others (1985), Garcia and Carman
(1986), Glancy (1986), and the U.S. Bureau of Reclamation (1987a).
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Ground water comprises most of the flow into the drains that enter Fernley WMA. The shallow
aquifer in the southern part of the Fernley basin generally is of acceptable quality for most constituents but
commonly exceeds beneficial-use criteria for arsenic and boron. The confined aquifer contains water that
has higher concentrations of dissolved solids than the shallow aquifer and commonly exceeds criteria for
arsenic, boron, sodium, and dissolved solids.

The sediment in Lead Lake and in the sampled drains is accumulating trace clements from the
overlying water column. Most of the trace elements are either incorporated into or adsorbed onto labile
coatings of grain surfaces. In general, concentrations of arsenic, boron, mercury, lithium, molybdenum,
selenium, and uranium were elevated in lake and drain bottom sediment compared with the median values
for Carson River basin soil.

Sediment in ponds and drains at Fernley WMA are accumulating arsenic, boron, molybdenum, and
uranium. Concentrations of these elements were higher in lake and drain bottom sediment than in
Pleistocene lake sediment (aquifer material).

Processes controlling the composition of the shallow ground water at Stillwater and Fernley WMA's
include evaporation, dissolution of detrital organic matter (by oxidation to HCO3), calcite, and silicates, and
precipitation of montmorillonite, calcite, and gypsum. Localized redox conditions and evaporation are
responsible for high trace-element concentrations in the ground water. Uranium possibly is released by the
oxidation of organic matter in the aquifer.

-59.



SUPPLEMENTAL INFORMATION ON WELLS

Data for the 25 wells discussed in this report were collected during the initial part of the detailed
study. The site designations used herein are listed in table 10 and cross referenced to the site numbers and
well names from the earlier data report by Rowe and others (1991).

TABLE 10..-Information on wells referred to in this report

[--, unknown)]
Well depth
(feet below
Site Site land-surface
designation number! Well name datum)
Stillwater Wildlife Management Area (figs. 2 and 3)
AWP 67 Anesian Well near Paiute Drain -
DBR n DeBraga 14-6 Well --
FAE 70 U.S. Fish and Wildlife Service Well 3 700
FAW 69 U.S. Fish and Wildlife Service Well 2 680
FIR-13 68 Fallon Indian Reservation Well 13 20
LLAH-1 59 Lead Lake Well 1 20
LLAH-2 60 Lead Lake Well 2 18
LLAH-3 61 Lead Lake Well 3 15
LLAH-4 62 Lead Lake Well 4 13
LLAH-5 63 Lead Lake Well 5 14
LLAH-6 64 Lead Lake Well 6 16
LLAH-7 65 Lead Lake Well 7 11.5
LLAH-8 66 Lead Lake Well 8 14
Femnley Wildlife Management Area (fig. 5
FWA-1 72 Well 1 119
FWA-2 73 Well 2 228
FWA-2A 74 Well 2A 60
FWA-2B 5 Well 2B 45
FWA-3 78 Well 3 31
FWA-3A 76 Well 3A 51
FWA-3B 77 Well 3B 35
FWA-4 79 Well 4 14
FWA-5 80 Well 5 15
FWA-6 81 Well 6 16
FWA.7 82 Well 7 14
FWA-8 83 Well 8 13

1 Sequential numbers for wells assigned by Rowe and others (1991, table 22).
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